Rare co-existance of disease or pathology Background:
Background
Liver abscesses (LA) remain a difficult problem to diagnose and treat. The majority are a result of bacterial infection [1] . In North America, the frequency of pyogenic LA (PLA) is low, with an overall incidence of 3.6 recorded cases per 100,000 population between 1994 and 2005 [2, 3] . However, the incidence of PLA is increasing and has become associated with significant in-hospital mortality [3] . PLA presents with a classic triad of fever, upper right quadrant pain, and jaundice, and is fatal if left untreated [4] . Factors associated with the risk of developing LAs include diabetes mellitus (DM), liver cirrhosis, and immunodeficiency [1] . The risk of mortality increases with age and bacteremia [3] , but it remains unclear whether surgical indications are associated with increased mortality [3, 5] . The major causative organisms of PLA are Streptococcus (29.5%), Escherichia (18.1%), Staphylococcus (10.5%), Klebsiella (9.2%), Anaerobes (8.6%), and Pseudomonas (3.1%) [2] . Over a 10-year study period, Serratia was identified as the cause of PLA in just 0.25% of cases (about 20 of 8286 cases) [2] .
Serratia was not recognized as a pathogenic bacteria species until the mid-to-late 20th century. It was infamously used as a tracer microorganism by the United States military between the 1940s and 1960s because of its reddish-orange hue [6] . In a European survey performed between 2008 and 2012, Serratia infections accounted for 2.2% of all ICU-acquired bloodstream infections [7] , and in the SENTRY Antimicrobial Surveillance Program in the United States between 2009 and 2011, it accounted for 6.0% and 4.0% of ICU and non-ICU bloodstream infections, respectively [8] . At least 14 species of Serratia have been identified [6] . In Canada, most isolates are Serratia marcescens [9] , but many hospitals did not even begin specifying which Serratia species they had isolated in their analyses until 2011 [7] . Documented health conditions associated with S. marcescens infections include some that are also associated with LAs, such as DM, immunodeficiency, and alcoholism (cirrhosis) [10] . Other commonly associated conditions are cancer, burns, and corticosteroid therapy [10] . There are a few case reports of different Serratia species involved in PLA, particularly in immunocompromised individuals [11, 12] and in those with genetic immune deficiencies such as chronic granulomatous disease (CGD) [13, 14] . However, there were none we could find that describe a PLA associated with Serratia odorifera. Serratia infections have also been reported in other organs, such as the lungs [15] , skin [16] , and the central nervous system [17] . Here, we discuss a rare case of a 45-year-old woman with type 2 DM with severe cardiomyopathy and a PLA positive for Serratia marcescens, Streptococcus viridans, and Serratia odorifera. She was treated by percutaneous drainage (PD), surgery, and a combination of intravenous and oral antibiotics.
Case Report
A 45-year-old woman with a history of hypertension, chronic migraines, mild anxiety, and no recent medical interventions was referred to our ED for an anemia workup. She reported increased thirst, weakness, and dyspnea for the past 7-10 days. She had dry skin on her feet and hands, and reported numbness and tingling in her lower extremities, feet, and both hands. Initial ED laboratory test results indicated that she had anemia (HGB 7.7 g/dL) with microcytosis (microcytic anemia), hypomagnesemia (0.7 mEq/L), hypokalemia (3.3 mEq/dL), hypocalcemia (5.7 mg/dL), and hyperglycemia (255 mg/dL). Type 2 diabetes mellitus (DM) with increased blood sugars (HbA1c 12.2%) due to severe illness and infection was also diagnosed. The patient was not being treated for DM at the time she was admitted. In addition, blood test results revealed that she had elevated homocysteine levels, hypoalbuminemia, elevated alkaline phosphatase levels, and thrombocytosis. Initial laboratory results also indicated low serum concentrations of iron, folic acid, vitamin D, and vitamin B12. She also had severe heart failure with an ejection fraction of 20-25% and a mild left ventricular dilation. A coronary angiogram indicated nonischemic cardiomyopathy. She also reported a significant unintentional weight loss of 40 lbs (18.1 kg) over the last 2 years, so a computed tomography (CT) scan was performed to rule out any malignancies. An infection was not suspected until this point, as she was not showing a fever or elevated white blood cell count. A CT scan showed a 10-cm rim-enhancing fluid collection centered in the right hepatic lobe, originating from the region of the gallbladder fossa At this time, she was started on a course of vancomycin, meropenem, and metronidazole (she was allergic to ciprofloxacin). A PD guided by interventional radiology (IR) was placed in the abscess, yielding 192 ml of pale green, foul-smelling purulent fluid. This fluid culture tested positive for Serratia marcescens and Streptococcus viridans. The Infectious Disease team was consulted, and they recommended continuing the patient on meropenem as a longer-term antibiotic with a plan to switch her to ceftriaxone and metronidazole. The Serratia isolate sensitivities are summarized in Table 1 .
An abdominal ultrasound (US) indicated diffusely increased hepatic echogenicity, consistent with fatty infiltration. Intrahepatic fluid collection via percutaneous catheter was observed adjacent to the gallbladder fossa. It was difficult to distinguish the collapsed gallbladder from the collection site, but there was evidence of cholelithiasis. An esophagogastroduodenoscopy (EGD) recommended by GI on suspicion of malabsorption was performed and the results were unremarkable. Seven days after initial admission, the patient was discharged on IV ceftriaxone along with oral metronidazole. At that time her LA, hypoglycemia, hypokalemia, and anemia were all improving. For her newly diagnosed diabetes, the patient was prescribed insulin on a sliding scale and was given DM counselling by the home health nurse. The patient returned 2 weeks later for a consultation and had the PD removed. At the time of the follow-up consultation, the patient had tolerated the antibiotic medications well with no major adverse effects. A follow-up CT scan performed 27 days after discharge showed near resolution of the hepatic abscess, which had reduced in size to approximately 9.8 mm (Figure 2 ).
At a 3-month follow-up appointment, an echocardiogram (ECHO) showed normal ventricular function. Twenty-one weeks after discharge, the patient underwent an interval cholecystectomy, performed robotically. An intra-operative US demonstrated an intrahepatic residual abscess (approximately 1×1×3 cm) located deep in the gallbladder fossa. The gallbladder itself was densely adherent to the cystic plate. After it was dissected away from the plate, the abscess was unroofed, and a small amount of serous fluid was evacuated. The fluid was sent for culture and, interestingly, the specimen revealed a different species of Serratia, S. odorifera. The cholangiogram revealed no filling defects, an intact biliary tree, and free flow of the contrast into the duodenum. The patient tolerated the procedure well, with no complications. At a 3-week follow-up after surgery, she reported that her energy level was much better. At her 3-month follow-up visit, she reported that she was feeling normal.
Discussion
Generally inhabiting aquatic or soil environments, Serratia is a gram-negative rod-shaped bacterium with at least 14 different related species. It is the 10th most common isolate in bloodstream infections found in the ICU. Case reports of pathogenicity have been reported in all but 2 species -S. glossinae and S. nematodiphila -which inhabit the tsetse fly Glossina palpalis gambiensis and the nematode Heterorhabditidoides chongmingensis, respectively. Serratia marcescens is the most frequently observed isolate, but other species, such as S. liquefaciens, S. ficaria, and S. odorifera, are commonly reported in blood, urine, wound, and sputum cultures. First described as a new species by Grimont in 1978 [18] , S. odorifera is divided into 2 biovars (1 and 2) and has a very distinct potato-like odor. S. odorifera has been identified in infections of the respiratory tract as well as in blood, bile, and open wounds [19] . The species is known to cause sepsis, with significant morbidity, and is associated with high mortality rates in neonates and patients with compromised immune systems [20] . Serratia species are commonly associated with catheter-related bloodstream infections, in secondary bloodstream infections of the urinary and digestive tracts, infections after surgery, pneumonia, and nosocomial outbreaks attributed to non-sterilized medical supplies.
However, liver abscesses associated with Serratia infections are relatively rare (Table 2) , and all cases documented here, excluding the one described by Balakrishna and his colleagues [21] , include known risk factors for liver abscesses, Serratia infections, or both. This includes our patient, whom as a result of her diabetes, was immunocompromised, which made her predisposed to liver abscesses. The association between DM and infections caused by Enterobacteriaceae (of which S. marcescens is a member) was documented in a large series of 1317 Danish patients from 1992 to 2001 [27] . The authors found that the risk of bacteremia infection was higher in adults less than 65 years old and higher in female patients. They also concluded that 10% of enterobacterial infections might be the result of diabetes. DM has also been shown to be a predisposing factor for LAs; in fact, some studies indicate it as a concomitant condition in as many as 29.3-44.3% of LA cases [1, 28, 29] . Certain DM features, such a hyperglycemia, have been indicated as major factors contributing to higher risk of infection [1, 30] . We could not determine whether S. marcescens was an opportunistic colonizer of the Streptococcusinduced hepatic abscess or vice-versa, but the patient responded well to PD and intravenous antibiotics followed by a prolonged course of oral antibiotics. Multiple liver abscesses were reported in the case of a 48-year-old Japanese man infected by S. rubidaea working in a fresh fish store [12] . His immune system was likely compromised due to a clinical history of alcoholic hepatitis and alcohol-induced chronic pancreatitis. Grieco et al. (1973) also found several small abscesses in a 32-year-old man who presented with stomach ulcers and a history of alcoholism [26] ; his blood cultures were positive for S. marcescens, but Pseudomonas aeruginosa was also recovered from the PLA. In the treatment of pancreatic cancer in a 69-year-old Japanese woman, a single PLA formed as a result of an indwelling percutaneous transhepatic cholangio-drainage tube placed next to the left hepatic duct [11] . In this case it appears that S. ficaria may have been an opportunistic colonizer of the abscess that developed after a cholecystectomy. Another recent case report documented the occurrence of a PLA in an immunocompetent 42-year-old Indian man [21] . He had high-grade fever for 10 days, was treated with oral antibiotics, and sent home, but he returned a few days later with high fever, leukocytosis, and localized abdominal tenderness. Although blood and urine cultures were sterile, aspirate from the PLA revealed an S. Grimesii infection that was successfully treated with a combination of piperacillin and tazobactam over a 2-week period. In our case, the origin of the Serratia infection was less clear. Our patient did not have preceding surgical interventions or cirrhosis (commonly associated with S. marcescens infections). She was, however, diagnosed with DM, which is commonly associated with PLAs [1] and S. Marcescens infections [10] . Our patient was also diagnosed with cholecystitis. Although rare, there are cases in the literature of suspected community-acquired Serratia infections directly related to cholecystitis [31, 32] .
Lastly, we suspect that our patient's cardiomyopathy was the result of several factors, including her unmanaged diabetes, electrolyte abnormalities, and Serratia infection. Uncontrolled chronic diabetes is commonly associated with electrolyte abnormalities such as hypokalemia, hypomagnesemia, and hypocalcemia [33, 34] . Hypomagnesemia in diabetics can be caused by low dietary Mg 2+ intake [33, 34] and can also be associated with hypoalbuminemia, which was observed in our patient [33] . Hypomagnesemia in critically ill patients can further be exacerbated by infection [35] , such as our patient's PLA infection. The vitamin D deficiency, hypoalbuminemia, and hypomagnesemia observed in our patient can worsen hypocalcemia in diabetic patients [33] . A 2018 case report linked electrolyte abnormalities, including hypokalemia, hypomagnesemia, and hypocalcemia, to cardiomyopathy [36] . The cardiomyopathy was readily ameliorated by electrolyte supplementation [36] . The relationship between infection and cardiomyopathy was discussed by Patel et al in a 2015 review [37] . The infectious causes of cardiomyopathy were predominantly viral, but less common bacterial pathogens have also been implicated [37] . In another 2015 review, 14 cases of cardiomyopathy were linked to bacterial infection. Of the cases where the strains were identifiable, 57.1% were gram positive and 42.9% were gram negative [38] . We were unable to find any cases described in the literature in which cardiomyopathy was induced by a Serratia infection. 
